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Abstract
Genesis of the problem 
Attempts for localization of repetitive DNA resulted into the development of C-banding techniques which have proved very useful for localization and identification of heterochromatic segments. Studies accumulated during last few years indicate that heterochromatin is a general feature of most of the higher plants. They also suggest the role of condensed chromatin in chromosome pairing, somatic association and determination of cell cycle duration, mean generation time and mode of life cycle. Localization of highly repeated/ satellite DNA sequences on heterochromatic segments in a few plant species by in situ hybridization studies suggests a strong correlation between highly repetitive DNA and heterochromatin. Recent studies in animals have further indicated that some repetitive DNA subsets play a role in definition of chromosome structure and heterochromatization of selected chromosome segments. Such attempts, however, are very few in plant species. A combined study of condensed chromatin in cell nuclei or chromosomes and characterization of repetitive DNA, therefore, becomes a necessary pre-requisite to understand the role of these two parameters in plant cell function and gene regulation. It has also been shown that nucleus, chromatin and DNA exhibit a dynamic organization in most of the organisms. The data show that most of the cells of an organism have qualitatively and quantitatively different DNAs in their nuclei. It, therefore, becomes necessary to study chromatin and genome organization at different stages of plant cell development. Earlier studies carried out in this laboratory led to the development of a new ?Cl-Giemsa technique', The technique proved to be very useful in visualizing different classes of heterochromatin on chromosomes as well as in interphase nuclei in higher plants. The present work was initiated to assess further the cytological and molecular basis of condensed chromatin organization during plant cell differentiation. Objectives and strategies The work on visualization of condensed chromatin was carried out in plant species belonging to different families of dicotyledons and monocotyledons; while the studies on molecular basis of cell differentiation were mainly in frenchbean i.e. Phaseolus vulgaris. The specific objectives in this work were as follows: i) To determine the position and amount of condensed chromatin. ii) To study the role and behaviour of condensed chromatin during cell division and cell differentiation. iii) To assess the role of different cytological and molecular parameters in chromatin condensation. iv) To study the molecular changes in DNA during root differentiation and v) To characterize repetitive DNA in P. Vulgaris using restriction endonucleases. These studies were carried out using the following strategies: i) Visualization of condensed chromatin by different chromosome banding techniques. ii) Quantitation of condensed chromatin using planimetry. iii) Correlation analysis between condensed chromatin amount and different parameters like nuclear DNA content and repetitive DNA content. iv) Physicochemical chracterization of DNA isolated from different root zones of Phaseplus vulgaris. v) Identification of specific methylated sequences and repeat families in Phaseolus vulgaris by restriction enzyme analyses and Southern hybridization. Organization of thesis (Scope of thesis) The entire thesis is organized in six chapters. Chapter I discusses current concepts about chromosome structure, heterochromatin and genome organization in higher plants. Chapter II details studies on visualization of condensed chromatin in Allium Cepa and describes its behaviour during cell division in A. cepa and Rhoeo discolor. Chapter III analyses the role of different cytological and molecular parameters in chromatin condensation in 46 plant species. Chapter IV deals with changes in condensed chromatin during differentiation in 30 plant species. Chapter V describes DNA characterization studies in different root zones representing different stages of root differentiation in Phaseolus vulgaris. Chapter VI gives a detailed information on characterization of Mbpl repeat family in Phaseolus vulgaris. Chapter VII details an overview of all the results obtained during the course of present studies. Abstract and references are given separately in each chapter. Biodata is at the end of the thesis, Nummary of the thesis 
(i) Visualization and behaviour of condensed chromatin during cell division Two chromosome banding techniques namely, HCl-Giemsa and BSG (Barium hydroxide-Saline-Giemsa) were used for visualization of condensed chromatin on metaphase chromosomes in Allium cepa. The HCl-Giemsa technique visualized intercalary, telomeric and centromeric heterochromatin depending on the time of HC1 treatment while the BSG technique revealed only constitutive heterochromatin. Prolonged treatment of HC1 resulted in the visualization of kinetochores. For the study of condensed chromatin during cell division, the chromosomes in Allium cepa and Rhoeo discolor were stained by standard BSG technique during divisional stages in mitosis and meiosis. The heterochromatin was telomeric in A. cepa and centromeric in R. discolor. The behaviour and position of heterochromatin during meiotic division was essentially similar to that in mitosis. The heterochromatin appeared to take an active part in meiotic pairing in both the species. (ii) Condensed chr??iajtin in interphase nuclei and its determinants Using the HCl-Giemsa technique, the proportion of condensed chromatin was determined by planimetry in 46 plant species. Interphase nuclear structure in 18 species was reported for the first time. The condensed chromatin values varied in a narrow range of 10-23% in chromocentric species and in a wide range of 25-77% in reticulate species. The amount of condensed chromatin increased with increasing DNA content. Statistical analyses of condensed chromatin values with quantities of different types of DNA sequences showed the best correlation with highly repetitive DNA sequences suggesting that these sequences could be playing an important role in governing the species-specific chromatin condensation in plants. The amount of DNA packaged per unit length of chromosome was also found to be a parameter in chromatin condensation. (iii) Changes in condensed chromatin during differentiation To study the changes during root differentiation, condensed chromatin amounts in meristematic cells were compared with those of differentiated cells in 30 plant species. Though the interphase nuclear structure remained essentially same in meristematic and differentiated cells, the amount of condensed chromatin in the latter was considerably less (6-32%) than that in the former (11-61%), clearly indicating under replication of condensed chromatin during root differentiation. (iv) Studies on molecular basis of root differentiation The observation of under replication of heterochromatin during differentiation has suggested a possibility that there may be qualitative and/or quantitative changes at the DNA level. In order to assess this possibility, the work on characterization of DNA in different portions of root system of Phaseolus vulgaris was carried out. Zone I consists of meristematic cells. Zone II is the intermediate elongating region while zone III is the differentiated region of root. The derivative melting profiles obtained after high resolution thermal denaturation showed distinct differences in the distribution of repeat blocks. The total number of components decreased from zone I to zone III indicating a merger of the individual components as differentiation progresses. The proportion as well as density of the satellites varied within the zone DNAs, The m C proportion determined by HPLC ranged from 7 to 12 mole percent and was maximum in zone III. The digestion pattern obtained with MboI/Sau3AI and Alul indicated the presence of a distinct repeat family. However, organization of the repeat family did not change during differentiation. The digestion pattern obtained with Mspl and Hpall clearly indicated differences in the pattern of distribution of methylated sequences during differentiation. In case of zone I and II DNAs, cytosine methylation was more frequent at CpG dinucleotides while in zone III it was at CpC. The percent reassociation values obtained upto Cot 10 decreased from zone I to zone III DNAs and this was mainly due to a very fast component indicating under representation of these sequences during differentiation. (v) Molecular characterization of Mbol repeat family in frenchbean genome These studies were carried out on the DNA isolated from the seedlings of Phaseolus vulgaris. Restriction endonuclease analyses of the DNA revealed the presence of a distinct family of repeats with MboI/Sau3AI and Alul. Southern hybridization experiments using Cot 0.1 DNA as a probe clearly indicated the repetitive nature of these families. Southern hybridization with labelled 1.15 kbp band obtained after Mbol digestion indicated the dispersed nature of this repeat. This dispersed repeat family, however, seemed to be a part of other repeat sequences having different external restriction sites for enzymes like Alul and TaqI. The achievements of the present studies The important achievements emerging from the present studies are: (i) Nuclear DNA content, packaging of DNA and highly repetitive DNA are the determinants of condensed chromatin amount and thereby of interphase nuclear structure in plants. (ii) Condensed chromatin is underreplicated during cell differentiation in plants. This clearly indicates the dynamic nature of the nuclear organization. (iii) Extensive genomic rearrangements seem to occur during root differentiation. There is under representation of highly repetitive DNA sequences. Methylation appears to be specifically involved in cell differentiation of frenchbean. (iv)A distinct repeat family of highly repetitive DNA elements is obtained with Mbol and Alul in Phaseolus yulgaris. At least one element of the MboI repeat family is dispersed in nature. 
  	 


